Light-induced proton efflux of Anabaena variabilis was found to be biphasic, the second phase being inhibited by the ATPase inhibitor nitrofen (2,4-dichloro-1-14-nitrophenoxylbenzene). The first, fast phase was triggered by monochromatic light of 707 nanometers, whereas the second, slower phase was not. With 707 nanometers, light, respiratory 02 uptake was inhibited. Using light composed of two wavelengths (616 and 707 nanometers) a marked enhancement of both 02 evolution as well as the second phase of proton efflux was observed. The first phase was not enhanced. Thus, phase II is driven by both photosystems. As concluded from the action spectrum phase I is markedly determined by photosystem-I activity. Altogether the data show that two different mechanisms of light-induced proton efflux exist on the cytoplasmic membrane of Anabaena, the slower one being dependent on ATP and linear photosynthetic electron flow.
02 uptake was inhibited. Using light composed of two wavelengths (616 and 707 nanometers) a marked enhancement of both 02 evolution as well as the second phase of proton efflux was observed. The first phase was not enhanced. Thus, phase II is driven by both photosystems. As concluded from the action spectrum phase I is markedly determined by photosystem-I activity. Altogether the data show that two different mechanisms of light-induced proton efflux exist on the cytoplasmic membrane of Anabaena, the slower one being dependent on ATP and linear photosynthetic electron flow.
Light-induced proton efflux of Anabaena has been described first by Scholes et al. (15) , but no mechanism was suggested as being responsible for the light-induced acidification of the medium. It has been assumed that light-induced proton efflux of Plectonema boryanum may be due to a respiratory electron transport chain localized on the cytoplasmic membrane (2) . In contrast, vanadate sensitivity of light-induced proton efflux (13) provided strong evidence for a unidirectional, proton-translocating ATP- (10) , as described by Scherer et al. ( 14) . The proton efflux actually mediated by phase II was calculated by numerically adding the 'Supported by the Deutsche Forschungsgemeinschaft. kinetics of 02 evolution (which is coupled with OH-efflux, [5] ) and proton efflux. Phase I was not corrected for phase II. Apparently the latter was not active 5 to 10 s after turning on the light, since no 02 evolution was observed during this time interval 
RESULTS AND DISCUSSION
The kinetics of light-dependent proton efflux is shown in Figure 1 , consisting of two different phases as indicated. The absolute rates of proton efflux are difficult to obtain, since proton efflux is accompanied by an OH--efflux (5, 9) . So, the rates given for phase II were calculated by adding the rate of proton efflux and OH--efflux, the latter estimated from O2 evolution (for details, see Hinrichs et al. [3] ). Nitrofen inhibited phase II of proton efflux as well as photosynthetic 02 evolution, but not phase I (Fig. 1) . With the concentrations used, nitrofen has been shown to inhibit the Fo/F,-ATPase (4, 7) . We conclude, therefore, that phase II ofthe light-induced proton efflux is ATP-dependent, while phase I is not. We tried to demonstrate specific effects of DCCD2 and diethystilbestrol, but found these inhibitors affecting unspecifically proton efflux ofboth phase I and phase II, together with 02 evolution and respiration. The ATP dependence ofphase II is in good accordance with the inhibitory effect of vanadate (13) , indicative of an unidirectional, proton-translocating ATPhydrolase being responsible for the phase-II efflux. The effect of monochromatic light (707 nm) on proton efflux and 02 exchange is shown in Figure 2 . Quite low light intensities saturated phase I and inhibited 02 uptake, but phase II was not detectable. It should be noted that the maximum rate of phase I 2 Abbreviation: DCCD, dicyclohexylcarbodiimide. variabilis using 707 nm light.
with 707 nm light was about 40% of its rate in saturating red light (>610 nm). As shown previously, at 80 ,E/m2 s phase I was active with 70% of the maximum reached with saturating red light while phase II and 02 evolution were not detectable (Fig. 3 of Ref. [3] ). The influence of light containing 616 and 707 nm wavelengths is shown in Table I (see legend for experimental details). Comparatively low light intensities were applied ensuring that all activities measured with light of either one or two wavelengths were at best in the half-saturated state. The intensities of the monochromatic lights, however, were adjusted to yield identical rates of phase-I proton efflux. With these light intensities used no phase-II proton efflux could be discriminated from acidification measurements in the dark (cf. Figs. 1 and 2) . Obviously, the proton efflux ofphase II as well as photosynthetic 02 evolution exhibited an Emerson enhancement, indicative of phase II being dependent on both PSI and PSII, whereas phase-I proton efflux apparently is not dependent on the cooperation of the two photosystems.
The action spectrum shown in Figure 3 could not yield conclusive evidence as to whether phase I exclusively depends on PSI only. Apparently, PSI is quite effective since DCMU inhibition of proton efflux slightly shifted the maximum activity of phase I to longer wavelengths.
Light-induced proton efflux has been described for several eukaryotic algae (1, 17) . For Cyanidium it has been reported to be driven by a PSI dependent phosphorylation (6) . It was assumed for Anacystis, that the light-induced amino acid uptake depends on a PSI driven proton efflux (8) . The DCMU-resistant, light-induced proton efflux of this species is completely inhibited by DCCD (1 1). It has been suggested that light-induced proton efflux of Plectonema is due to a respiratory electron transport localized on the cytoplasmic membrane oxidizing pyridine nucleotides produced in the light (2) . At present the data available do not allow for a final general conclusion on regulation or on mechanism of phase-I proton effux, but provide no evidence for a respiratory electron transport chain being localized on the cytoplasmic membrane of A. variabilis (cJ: (3] 
